Introduction
The prevalence of overweight and obesity is increasing worldwide, and is therefore a growing cause for concern [1] . Largescale epidemiological cohort studies have shown that obesity (as assessed by body mass index (BMI) or waist circumference (WC)) is a prominent risk factor for a number of major diseases including coronary heart disease, diabetes mellitus, osteoarthritis of the knee, several types of cancer, gallbladder disease, sleep apnoea, hypertension and stroke [1, 2] . The increased risk of morbidity also leads to increased risk of premature mortality [1, 2] . Many economic studies report that the increased obesity-related morbidity and mortality is associated with excess health care costs . Many of these estimates are based on population attributable risk (PAR) [7, 9, 14, 16, 18-20, 27, 29-31] . PAR measure the proportions of cases of a given disease (e.g. type II diabetes) that is due to a risk factor of interest (e.g. obesity). Total attributable health care costs of obesity is estimated as the sum of products of disease-specific PARs and health care costs. The PAR method is an indirect way of estimating the health care costs of obesity. A more accurate method is to estimate the health care cost directly by use of a cohort design. Only a few studies have directly examined the relationship between obesity and health care costs based on a prospective/retrospective cohort design [3, 5, 6, 11, 15, 17, [23] [24] [25] [29] [30] [31] . All but four of these studies apply self-reported heights and weights [11, 24, 29, 31] . Almost all economic studies in the literature are based on BMI as a widely accepted measure of obesity, well correlated with total body fat. However, a growing body of literature has documented that the size of the various adipose tissue depots is of importance, and especially the intraabdominal visceral fat is associated with serious health problems [32] [33] [34] . Studies have shown that WC correlates reasonably well with visceral
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fat areas and that the correlation is higher than for BMI [35, 36] . It has been shown that WC more precisely identifies highrisk individuals by pinpointing those with a high body fat content and an increased intraabdominal accumulation of fat [37] . This result is supported by a study based on the same data as in this article, which demonstrates that WC is a better predictor of future health care costs than BMI [38] . Two health economic studies [10, 12] found increased costs associated with increased WC, but limitations of their study design makes it difficult to derive generally applicable estimates of the health care costs. One study only included a small and unrepresentative sample of 424 persons with a relatively low socio-economic status [10] . The other study was based on a more limited cost study, which only included hospital costs [12] . Numerous studies have shown that WC is a strong predictor of obesity-related morbidity and mortality [39] . However, knowledge about the association between WC and health care costs is lacking. Understanding variations in health care expenditures across a full range of WC values contributes to establishing rational grounds for targeting preventive and weight-reducing interventions. The present study examines the relationship between WC and future health care costs across a broad range of waist circumference values based on individual level data.
Material and Methods
The analysis is based on a prospective cohort study in which a selected sample of the general Danish adult population was invited to a baseline health status screening in 1996-1997. Health status, lifestyle and socio-economic variables were assessed at baseline while individual data on health care consumption and associated costs were extracted from registers for the subsequent 7 years (1996/1997 through 2003/2004).
Population
The baseline data were derived from the Danish prospective cohort study Diet, Cancer and Health (DCH) [40] . The study population consisted of individuals born in Denmark, who were aged 50-64 years at baseline, residing in the greater Copenhagen or Aarhus areas and did not have any records of cancer in the Danish Cancer register at the time of selection. The participants provided questionnaire data on diet and lifestyle. Anthropometric measurements, blood pressure and biological material were collected by trained staff. Details of the cohort study have been described previously [40] . The baseline survey was conducted between December 1993 and May 1997, a total of 160,725 individuals were invited to participate in the DCH study. Of these a total of 57,055 visited a study clinic in the study period [40] . Owing to constraints on the accessibility of uniform cost data (reporting procedures varied in the previous time period), it was necessary to restrict inclusion in the present cost analysis to individuals visiting the study clinic in the period January 1996 to May 1997 (n = 33,083). Of this sample a number of participants were excluded owing to missing data. A total of 31,840 participants (97%) of the qualified individuals were eligible for analysis: 15,344 men and 16,506 women. [1] .
Co-Morbidity Measures
Co-morbidity variables were based on the participant's information on medical history and the results of the physical examination, which included blood pressure measurement after limited rest. Participants were categorised according to co-morbidity as follows. Hypertension: A person was defined as having hypertension if (s)he reported this in the questionnaire or if the physical examination showed a systolic blood pressure 140 mm Hg or a diastolic blood pressure 90 mm Hg. A person was included in the Diabetes or in the Cardiovascular disease (CVD) group if (s)he reported that (s)he had diabetes or previously had CVD. In this study CVD includes angina pectoris, myocardial infarction and stroke.
Lifestyle Factors
Lifestyle factors were obtained through the lifestyle questionnaire completed at the study clinics at enrolment. Data on smoking were based on self-reported smoking status (current, past or never) and current tobacco consumption (g/day). In the present analyses, the respondents were classified as heavy smokers if they smoked 15 g/day or more. Physical activity was self-reported in the form of a categorical variable, indicating whether the individual was engaged in sports activities (yes or no).
Education, Income, Emigration and Death
All residents of Denmark have a unique 10-digit individual identification number (CPR numbers), which makes it possible to establish a highly accurate linkage between various registers at the individual level. Information about emigration and death in the follow-up period was collected from Statistic Denmark, as was information on respondents' highest level of education at baseline. Income was calculated as the gross household income (obtained from Statistic Denmark) in the year prior to the baseline year divided by the number of adults in the household.
Health Care Costs
The costs analysed were the direct health care costs, including patients' copayment on specialist services and medication irrespective of disease diagnosis. Indirect costs, such as those associated with lost productivity, were not evaluated. The health care system in Denmark is predominantly publicly financed by income and other taxes, and the private health care sector plays only a minor role.
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In Denmark, all public health care services are registered in various registers, and the personal identification code made it possible to collect information on all participants' use of public health care services in the 7-year follow-up period. For each study subject, we obtained the following information over the study period without any restrictions related to the medical conditions motivating the services: i) somatic in-and out-patient treatments, ii) psychiatric in-and out-patient treatments [41] , iii) primary sector health care services (general practitioners, practising specialists, dentists, physiotherapists, psychologists etc.) and iv) prescription drugs entitled to a subsidy. The Danish Case Mix System (Diagnosis Related Groups, DRG) was used to assign costs to all somatic out-patient and in-patient services provided in the period. The National Board of Health's per diem charge and ambulant charge for psychiatric treatments were used to calculate the cost of psychiatric treatment. The cost of the services of the primary health care sector was extracted from the National Health Insurance Register. We calculated the costs of drug prescription at the retail costs of each compound and dosage as of the date of purchase. All health care costs were adjusted to 2005 price levels and aggregated at the individual level. Subsequently the mean annual health care cost per subject was calculated by dividing the total costs by the number of person years registered in the 7-year follow-up period. In the presentation of the results Danish kroner (DKK) are converted to USD (using currency rate DKK 100.-= USD 17.40).
Analytical Model
Analyses were restricted to individuals with complete responses on all variables and to those who were not characterised as underweight at baseline. This latter restriction was applied in order to simplify the model by focusing on the effects of overweight and obesity only in comparison with normal weight. Moreover, the relationship between underweight and health care costs may be characterised by reverse causality when the low body weight is due to a disease-induced weight loss. For the same reason people with a cancer diagnosis were excluded from the study. Data were analysed separately for men and women due to possible differences in effects of body size. Linear regression was used to model the relationship between WC and mean annual health care costs. Preliminary examination indicated that the costs were characterised by a skewed distribution with a long right hand tail, as is frequently observed for cost data. Therefore the cost data were normalised by applying the logarithm to costs. Note that the application of the log of costs as the dependent variable implies that the coefficients of the model should be interpreted as the pro anno rate of increase in health care costs (in per cent). The strategy for the analysis was to establish a simple model, which explains the association between WC and health care costs without loosing explanatory power. Therefore, based on theoretical considerations a set of different models was investigated. The predicted values from the log model were transformed into actual costs via application of smearing estimates [43] . Statistical analyses were performed using Stata version 9.1 (College Station, TX, USA). Due to the large sample size, statistical significance was set conservatively at p < 0.01. The study was carried out in accordance with Danish Law after permission from the Danish Data Protection Agency.
Results

Population Characteristics
Out of the total of 31,840 subjects (15,334 men and 16,506 women) with complete data, 1,081 subjects (679 men and 402 women) died during the observation time. Among men the number of dead participants differed significantly across the WC categories (p < 0.001), while the difference was not significant for the women (p = 0.228). shows that the WC-cost association is relatively unaffected by exclusion of the additional explanatory variables. This suggests that the confounder-mediator problem is of minor relevance in the present analysis. The result of the 'Simple model, no confounders' implies that for women an increased WC will incur a pro anno additional cost of 1.25% for every added centimetre above 80 cm WC. For men the impact is even larger, at 2.08% per centimetre above 94 cm WC. For a better understanding of the magnitude of change, the smearing estimate was used to transform the estimated coefficients back into USD. Figure 1 shows the predicted annual costs of health care for men and women, with and without comorbidities in relation to the range of WC. The estimates are based on the coefficient reported in 'Simple model, no confounders', since this estimate allows for a simple exposition of the results, as seen in figure 1 . Figure 1 shows that the costs for every added centimetre above the normal range is higher for people with co-morbidities than for people without. Note that although we found no statistically significant impact of having co-morbidities on the rate of increased health care costs per centimetre, the actual increase in future health care costs is larger for those people with at least one co-morbidity because the general level of health care costs is higher for this groupirrespective of WC. The average annual cost of health care for a woman without co-morbidities and with a normal waistline is approximately 
Descriptive Results
Discussion
In this study, we examined the relationship between WC, as a strong marker of the adverse health implications of obesity, and future health care costs over a 7-year period, and we found the excess health care costs associated with increased WC to be substantial. We found that women with increased or substantially increased WC had 1.25% higher annual health care costs per centimetre above normal WC, whereas men with increased or substantially increased WC had 2.08% higher annual health care costs per centimetre above normal WC. Our results are in accordance with previous studies that have shown a positive association between obesity and health care costs [5, 11, 17, 23, 44] . However, as noted in the introduction, most previous studies of the relationship between obesity status and health care costs have analysed the association between health care costs and BMI. Hence, it is not possible to directly compare the results of the present study with previous evidence from the literature. In Denmark total expenditure on health care constituted 9.1% of gross domestic product (GDP) in 2005. For comparison in the USA and in the UK these figures were 15.3 and 8.3%, respectively [45] . Two studies have used WC as measurement for obesity [10, 12] . The first study [10] found that the highest WC quartile was associated with significantly higher mean total costs than the other quartiles, while the second study [12] found that the mean hospital costs over an observation period of 3 years were 38.8% higher among obese women and 45.3% higher among obese men (obesity was defined in this study as a WC ≥102 cm for men or ≥88 cm for women). The differences in costs were not statistically significant. However, as mentioned in the introduction these studies have some weaknesses in their designs. Højgaard/Olsen/Søgaard/Sørensen/ Gyrd-Hansen Like Folmann et al. [12] we found that the association between WC and health care costs is greater for obese men. Reasons for these observed gender differences in the association between WC and health care costs can be that the increase in size of the visceral fat mass for a given change in WC is smaller among women. Although the rate of increase in health care costs per added centimetre above normal WC is similar for individuals with and without co-morbidities, it should be noted that the absolute increase in costs as WC increases is higher for individuals with co-morbidities due to their general higher level of costs amongst those individuals (indicated by the statistically significant co-morbidity variable, see table 2). To strengthen our analyses, we adjusted for several confounders including age, education, income, smoking status and status of physical activity. We found no appreciable effects of including these variables on the estimated rate of increase in health care costs incurred by an increased WC, which indicates that our results are robust and not potentially affected by the difficulties associated with the confounder-mediator distinction. In addition, it should be noted that the coefficients of the potential confounders were as expected, which can be regarded as a validation of the data. Our study has several methodological advantages. First, the analyses were based on follow-up data of a large number of subjects (n = 31,840). Second, individual data on health care consumption and associated costs were extracted from valid registers, and the consumption of health care services could be directly linked with personal details for the single individual. Third, the WC measurements have high validity as they were measured by trained staff. Fourth, the impact of WC upon health care costs was analysed after adjustment of a variety of potential confounders. Fifth, in the sample selection process potential sources of bias and confounding due to illness-related weight losses were sought to be eliminated by exclusion of people with a history of cancer and people with a BMI <18.5 kg/m 2 .
Nevertheless, the present study is not without limitations.
There is a risk of selection bias, since only one third (35%) of the invited individuals participated in this study. The selection bias is especially expected to exist in the co-morbidity group since it is likely that it is the healthier fraction of those with co-morbidities who choose to participate in a study such as this one. However this may not affect the strength of the association between levels of observed WC and subsequent costs. Also, the white-coat problem for blood pressure measurement means that some people may wrongly have been allocated to the co-morbidity group. There is no obvious reason to believe that the cost estimates associated with WC for given categories of co-morbidity is biased. The restricted age group (age at baseline = 50-64 years) limit for extrapolating to the general population.
Our analysis was limited to health care costs and, therefore, does not address other costs resulting from obesity. Previous studies have shown that obesity is associated with absenteeism [46] [47] [48] , unemployment [49] , social stigmatization and discrimination [50] etc. Finally, the study design addressed only interindividual WC differences, and not intra-individual WC changes before and after the baseline assessment on health care costs. Hence, one should be cautious in extrapolating the results observed in this study to a setting, which involves intraindividual WC changes. The likelihood that the observed association between future health care costs and WC at baseline reflects a causal relationship is strengthened by the fact that the association was unaffected by inclusion of alternative explanatory factors. Causality does, however, not imply reversibility. Højgaard/Olsen/Søgaard/Sørensen/ Gyrd-Hansen appears to be a good predictor of future co-morbidities and associated health care costs. The present study suggests that targeting preventive measures at those at risk of increased WC, and particularly at those with substantially increased WC, is likely to incur significant cost savings to the society, if the intra-personal WC-cost relationship is the same as the inter-personal WC-cost relationship observed in the study model. This information is important for the health planner in the battle against the obesity epidemic.
In epidemiological studies WC, as a measure of intraabdominal visceral adiposity, has been shown to be a strong marker of health risks. In addition, the present study clearly demonstrated that obesity as measured by WC has a considerable impact on health care costs. From a clinical as well as a socioeconomic perspective WC is a simple and relatively inexpensive to obtain. Moreover, it can be easily monitored over time.
Conclusions
In conclusion, our results indicate that future health care costs are higher for persons who has an increased or substantially increased WC than for individuals with normal WC. For women and men with increased or substantially increased WC health care costs rise at a rate of 1.25 and 2.08%, respectively, per added centimetre above normal waistline. These results suggest that there may be a potential for significant resource savings through prevention of abdominal obesity.
Appendix
Ordinary least square regression was used to model the relationship between WC and mean annual health care costs. As the cost data were characterised by a skewed distribution with a long right hand tail, the distribution of residuals were normalised by applying the logarithm to costs. Hereafter the kurtosis was 3.876 and the skewness was 0.137 (for a normal distribution the kurtosis is 3 and the skewness is 0). The effect of WC on health care cost was modeled as a linear spline function. The applied basis model ('Full model') has the following structure:
where WC is waist circumference, d1 and d2 are dummy variables, indicating whether a person has increased (d1 = 1 and d2 = 0) and substantially increased WC (d1 = 1 and d2 = 1). The knots of WC were for women set to 80 cm (x1) and 88 Table 3 . Economic Costs of Abdominal Obesity 153 cm (x2) and for men to 94 cm (x1) and 102 cm (x2). Co is a dummy variable which represents membership of the co-morbidity group ( = 1 if participant suffers from a co-morbidity; else zero), and Z is a vector of potential confounders. Interaction terms test for differences in the impact of WC on costs for those with and without co-morbidities. The potential confounders constitute of age (a continuous variable), education represented by two dummy variables (Edu1 = 1 if level of education ≤ 10 years of schooling (else zero) and Edu2 = 1 if the respondent had a university degree, else zero), income (a continuous variable), smoking habits represented by three dummy variables (current smokers, past smokers and heavy smokers), physical activity (one dummy variable). In all, four models were made. The statistical properties of each model were systematically assessed. Furthermore, the residuals were analysed in order to asses whether the distributional assumptions of OLS regression were met. In the presence of heteroscedasticity, White-corrected standard errors were used and reported. Restrictions of parameters were tested by use of likelihood ratio test. The two primary models are shown in 
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